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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S272Methods: Our gel-free proteomics approach includes tissue extraction,
digestion by trypsin and reversed phase separations coupled to tandem
mass spectrometry for the identiﬁcation and targeted quantiﬁcation of
peptides by multiple reaction monitoring (MRM). The tissue was sliced
from synovial surface to bone in 10mm thin sections and the full
thickness cartilage was divided into 100mm pools including superﬁcial,
intermediate and deep zones.
Results: Previous known distribution of proteoglycan 4 (PRG4, lubricin,
superﬁcial zone protein) was conﬁrmed but also novel ﬁndings were
observed e.g. asporin which was predominantly present in the super-
ﬁcial layers. In total 40 proteins were quantiﬁed showing distinct
patterns in normal tissue. In addition we observed altered protein
distribution patterns in preclinical (macroscopically normal) tissue
from a joint with early ﬁbrillation (OA-lesions) on the opposite surface.
Conclusions: As an alternative to immunohistochemistry we used
proteomics technology to study the protein abundance across full
thickness articular cartilage. The advantages of this approach are that it
allows multiple targets to be studied simultaneously, it is independent
of antibody availability and circumvent some antibody-related artifacts.
Other advantages include unambiguous identiﬁcations and improved
quantiﬁcations. The work shows novel information on the differences
that exist in different layers of cartilage that is of value in understanding
changes in early pathology.
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HIGH-THROUGHPUT PROTEOMIC ANALYSIS OF THE CARTILAGE
SECRETOME FOR IDENTIFICATION OF INFLAMMATORY BIOMARKERS
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Purpose: Biomarkers of cartilage inﬂammation and degradation can
provide information about the pathogenesis of arthritic diseases such as
osteoarthritis (OA), allowing earlier diagnosis, improved monitoring,
and mechanistic insight into OA progression. Utilizing high-throughput
proteomics approaches, this study aimed to identify and quantitatively
compare proteins that respond to pro-inﬂammatory (IL-1b) and anti-
inﬂammatory (carprofen) stimuli in the secretome of articular cartilage.
Methods: Articular cartilage was harvested from equine meta-
carpophalangeal joints from horses euthanized for purposes other than
research. Explant cultures were established and treated as follows:
untreated (control) media alone, pro-inﬂammatory cytokine IL-1b (10
ng/ml), the COX-2 speciﬁc non-steroidal anti-inﬂammatory drug
(NSAID) carprofen (100 mg/ml) or IL-1b + carprofen. After 6 days incu-
bation (37C, 5% CO2) media were collected for downstream analysis,
using a combination of SDS-PAGE, silver staining, high-throughput
nanoLC-MS/MS on an amaZon speed ETD (Bruker) and quantitative
western blotting.
Results: High-throughput mass spectrometry identiﬁed cartilage
extracellular matrix (ECM) proteins (biglycan, ﬁbronectin, decorin,
COMP, collagen type II), secreted proteins related to cartilage mainte-
nance and turnover (MMP-1, -3 and -13, TIMP-1), along with inﬂam-
matory stress/molecular chaperone related proteins (HSP70, clusterin).
Qualitative differences in PCPE-2, frizzled related protein, HSP70, MMP-
1, -3 and -13 release were observed between untreated and cytokine
treated explant secretomes. Quantitative analysis by western blotting
conﬁrmed that carprofen treatment signiﬁcantly reduced IL-1b stimu-
lated release of MMP-1, -3 and -13. ECM proteins targeted by these
IL-1b-stimulated MMPs (i.e. ﬁbronectin) exhibited additional frag-
mentation patterns on western blots, which were reduced by carprofen
treatment.
Conclusions: Proteins differentially released in response to IL-1b
stimulationwithin this explant model may enable screening of new and
existing drugs and various natural compounds with anti-inﬂammatory
properties. This study revealed that carprofen, a COX-2 speciﬁc inhib-
itor, decreases the release of inﬂammatory-associated proteins and one
established BIPEDS marker of cartilage degradation in OA (MMP-3).
Carprofen-suppression of IL-1b-stimulated MMP-1, -3 and -13 release
may result in reduced ECM degradation indicating that this drug may
potentially reduce progression of degenerative cartilage loss and OA.
This interpretation of the data is supported by the reduction of IL-1b
stimulated ﬁbronectin degradation fragments released from the ECM.
Combining high-throughput analytical techniques such as proteomics
with this in vitro model of cartilage inﬂammation producesinterpretable data and may provide realistic alternatives to in vivo
animal models.530
DISCOVERY OF CARTILAGE-CHARACTERISTIC BIOMARKERS OF
OSTEOARTHRITIS BY QUANTITATIVE PROTEOMICS
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Purpose: Osteoarthritis (OA) is characterized by the loss of structural
components from the extracelullar matrix (ECM) of articular cartilage.
The release of these proteins from the tissue can vary according to the
stage of the disease. The aim of this study was to perform a proteomics
approach to identify and quantify those proteins released from normal
and OA human articular cartilage explants. Furthermore, we seeked to
differentiate those proteomic signatures displayed from the wounded
zones (WZ) from those corresponding to the area adjacent to the lesion,
or unwounded zones (UZ), in the OA samples. These proteins released
from cartilage might have a tissue-characteristic biomarker value for
early diagnosis and/or therapy monitoring.
Methods: Macroscopically articular cartilage was obtained from the
dissection of normal and OA femoral heads. The cartilage from normal
samples, and from WZ and UZ of the same OA piece, was cut into ﬁve
6mm2 explants. Then, these explants were washed in PBS and har-
vested in 96-well plates with 200mL of serum-free DMEM. The condi-
tioned media from each condition were collected at days 1, 3, 6 and
replaced with fresh medium. Media from each condition were quanti-
ﬁed, concentrated and precipitated O/N with acetone. Finally, proteins
were digested with trypsin and each peptide solution was labelled with
different isobaric tags using the iTRAQ reagents. The labelled peptides
of the different conditions weremixed, desalted and separated by HPLC.
The resulting fractions were grouped and resolved by reversed-phase
nanoliquid cromatography coupled to mass spectrometry. The identi-
ﬁcation and relative quantiﬁcation of the proteins was carried out with
Protein Pilot 3.0 software.
Results: Protein concentrations were higher in the culture media from
wounded zones than from unwounded zones of OA cartilage, due to the
increased degradation that is taking place in the lesion. We ﬁrst identi-
ﬁed several ECM proteins that were differentially released betweenWZ
and UZ in OA samples at two different times of culture. Most of them
were increased in the wounded tissue, including collagens (I, II, VI and
XV), proteoglycans (biglycan, lumican or perlecan) and proteins related
with cell adhesion (tenascins, osteomodulin or vitronectin). In a second
step, proteins released to themedia up today6of culturewere compared
between three conditions (WZ, UZ and normal tissue). This analysis led
to the identiﬁcation of 199 proteins, 110 of them quantitatively altered
between the conditions of the study. Interestingly, several proteinswere
differentially released already in the unwounded zone of OA cartilage
compared to the normal samples (osteopontin, matrilin-3, cartilage link
protein or transforming growth factor-beta-induced protein), and their
amounts do not seem to be increased in the WZ. Finally, a small set of
proteins, including thrombospondin-1 or type XVIII collagen,weremore
abundant in the media from N cartilage than from OA.
Conclusions: We have identiﬁed a proﬁle of proteins released from
diseased cartilage in OA. Our work describes a panel of cartilage-char-
acteristic proteins with potential biomarker value of the tissue degra-
dation process that takes place in the disease. This panel will be further
explored in biological ﬂuids (synovial ﬂuid and serum) for the devel-
opment of early diagnosis and/or therapy monitoring strategies.
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Purpose: The aim of this study was to develop bioinformatic methods
for the identiﬁcation of a minimum set of biomarkers present in the
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S273cartilage secretome, for further analysis and also classiﬁcation of
unknown samples. This involved using label-free quantiﬁcation of
proteins identiﬁed in the secretome of canine articular cartilage, after
high throughput tandem mass spectrometry.
Methods: Canine cartilage explants, from dogs euthanased for purposes
other than research, were incubated in serum-free DMEM supple-
mented with 2% penicillin and streptomycin in a CO2 incubator for
24 hours at 37C. Explants were then incubated alone (control media),
or with recombinant canine IL-1b (10ng/ml), the non-steroidal anti-
inﬂammatory drug carprofen (Rimadyl, Pﬁzer Animal Health, 1 mg/ml)
or carprofen and IL-1b combined (1 mg/ml and 10ng/ml respectively).
After 5 days in culture, cell-free supernatants were removed and
representative samples were selected for proteomic analysis. Mascot
was used to analyse the data from each sample, in conjunctionwith the
Uniprot database, and the results were imported into the Trans-Pro-
teomic Pipeline (TPP). The emPAI protein quantiﬁcation scores from
Mascot and the ProteinProphet probabilities, for validation of protein
assignments, were recorded. Classiﬁcation models were built using the
rule-based machine learner BioHEL. Two datasets were formed, where
the proteins identiﬁed were associated with either emPAI scores or
ProteinProphet probabilities, across the twenty-three samples. Leave-
one-out cross validationwas used to validate the percentage accuracy of
themodels. To increase the classiﬁcation accuracy and identify potential
biomarkers, proteins were iteratively removed from the dataset and
only returned to the dataset if the classiﬁcation accuracy decreased
without them. In this way the accuracy was increased and the number
of proteins was greatly reduced to a small sub-set of proteins, which
provide an effective division of samples into their classes.
Results: This reduction technique increased the classiﬁcation accuracy
from 73.9% to 91.3% using the ProteinProphet probabilities and from
56.5% to 95.7% with the emPAI values. The ProteinProphet dataset was
reduced to six proteins, including matrix-metalloproteinase 3, inter-
leukin-8 and thrombospondin-1. The emPAI dataset achieved the
increased accuracy using only ﬁve proteins, which included clusterin
and matrix-metalloproteinase 3.
Conclusions: The machine learning based method discussed here has
been shown to be able to classify tandemmass spectrometry samples of
articular cartilage secretome. It was found that using ProteinProphet
probabilities, for each protein identiﬁed, gave a better classiﬁcation
than using the label-free quantiﬁcation method emPAI. However, this
was on a small dataset, of only twenty-three samples across four
classes, and therefore this method should be tested on a larger dataset
in the future. Finally, any proteins in the reduced datasets require
further analysis to determine their suitability as biomarkers.
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FIBROBLAST GROWTH FACTOR-1 IS A MESENCHYMAL STROMAL
CELL SECRETED FACTOR STIMULATING PROLIFERATION OF
OSTEOARTHRITIC CHONDROCYTES
W. Ling, J.C. Leijten, J.N. Post, M. Karperien. Univ. of Twente, Enschede,
The Netherlands
Purpose: Intra-articular injection of human mesenchymal stromal cells
(MSCs) is currently under investigation for disease modifying treatment
of osteoarthritis. In vitro experiments have shown beneﬁcial effects of
MSCs on chondrocytes in a variety of co-culture models in terms of
cartilage matrix formation. We have shown that in pellet co-cultures
this beneﬁcial effect with respect of cartilaginous matrix formation is
predominantly due to stimulation of chondrocyte proliferation by the
MSCs rather than to chondrogenic differentiation of the MSCs them-
selves. In addition, we have shown that this beneﬁcial effect on chon-
drocyte proliferation in pellet cultures is mainly due to the secretion of
(a) soluble factor(s) by the MSCs. The objective of this study is to
identify this factor(s) which may be (an) important mediator(s) of the
disease modifying trophic role of MSCs in osteoarthritis.
Methods: Human primary chondrocytes (hPCs) isolated from late stage
osteoarthritis patients were used in pellet co-culture with human bone
marrow derived MSCs (hMSCs). DNA microarray experiments were
performed to investigate the gene expression proﬁles of co-culture and
mono-culture pellets (hPCs or hMSCs respectively). Quantitative poly-
merase chain reaction (qPCR) and species speciﬁc PCR in co-culture
pellets of hMSCs and bovine PCs were carried out to validate microarray
data. Immunoﬂuorescent staining combined with cell tracking and
Enzyme-linked immunosorbent assay (ELISA) were performed to
conﬁrm the expression of candidate genes at the protein level. Chemicalblockers and neutralizing antibodies were used to study the functions of
candidate genes in co-cultures.
Results: Microarray data revealed a number of candidate secreted
soluble factors. Of these, Fibroblast Growth Factor-1 (FGF-1) mRNA
expression was markedly increased in co-culture pellets. Species
speciﬁc PCR in xenogenic co-culture pellets of bovine PCs and MSCs
conﬁrmed the upregulation of Fgf1 mRNA in the MSCs. Immunoﬂuo-
rescent staining in combination with cell tracking experiments
conﬁrmed the up-regulation of FGF-1 in co-culture pellets particularly
in the MSC cell fraction. Interestingly, FGF-1 expression was highest in
MSCs in direct contact with hPCs. ELISA demonstrated increased FGF-1
secretion in medium of pellet co-cultures only. Interestingly, blocking of
FGF signaling in co-culture pellets by speciﬁc FGF receptor inhibitors or
FGF-1 neutralizing antibodies completely abolished chondrocyte
proliferation. Likewise, neutralizing FGF-1 activity in MSC conditioned
medium by anti-FGF-1 antibodies also completely blocked chondrocyte
proliferation.
Conclusions:Wedemonstrate that MSCs increase FGF-1 secretion upon
co-culturewith chondrocytes, which in turn is responsible for increased
chondrocyte proliferation in these co-culture pellets. Our study iden-
tiﬁes FGF-1 as a potent trophic mediator of the proposed beneﬁcial
effects of intra-articular injected MSCs in the osteoarthritic joint which
may contribute to cartilage regeneration.
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COMPARISON OF NEUROMUSCULAR AND QUADRICEPS
STRENGTHENING EXERCISE IN PEOPLE WITH MEDIAL KNEE
OSTEOARTHRITIS AND VARUS MALALIGNMENT: RANDOMISED
CONTROLLED TRIAL
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Purpose: People with medial knee OA and varus malalignment are at
greater risk of structural disease progression than those with more
neutral alignment. This may be partly due to higher knee loads.
Quadriceps strengthening exercise, a cornerstone of OA treatment, has
been shown to be ineffective at reducing knee load and pain in people
with varus malalignment. Neuromuscular exercise may be more effec-
tive as it aims to improve quality of movement performance. This study
tested the hypothesis that a neuromuscular exercise program (NEXA)
would lead to greater reductions in peak knee adduction moment and
greater improvements in pain and physical function than traditional
quadriceps strengthening (QS) in people with medial knee joint OA and
varus malalignment.
Methods: This 12-week randomised, assessor-blinded, controlled trial
recruited 100 people with medial knee pain, radiographic medial
compartment OA and varus malalignment from the community.
Participants were randomly allocated to one of two 12-week exercise
programs. Each involved 14 supervised exercise sessions with a phys-
iotherapist plus home exercises 4 times/week. NEXA included weight-
bearing, functional exercises to improve quality of performance,
keeping the knee aligned over the foot throughout. The QS program
included nonweight-bearing exercises. Gradual progression of exercises
was made in both groups. Primary outcomes were medial knee load
during walking (peak external knee adduction moment (KAM) from 3D
gait analysis), average knee pain (100 mm visual analogue scale) and
self-reported physical function (WOMAC). Secondary outcomes were
external KAM angular impulse, knee ﬂexion moment, global rating of
change, knee/hip muscle strength, balance, function, and quality-of-life.
For continuous outcomes, differences in mean change (baseline minus
follow-up) were compared between groups using analysis of covariance
adjusted for baseline values. The sample size was powered to ﬁnd
clinically important differences in pain and function and a 7.5% differ-
ence in KAM.
Results: Of the 999 volunteers, 899 (90%) were ineligible or did not
wish to participate. In total, 100 participants (50 NEXA, 50 QS) were
randomised and 82 (38 (76%) NEXA, 44 (88%) QS) completed the trial.
The cohort were aged 62.5 (7.4) years, 52%were female and xray disease
severity showed 22% had KL grade 2, 43% KL grade 3 and 35% KL grade 4.
There were no signiﬁcant differences in change between groups in
any primary (Table) or secondary outcomes except for greater
